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SHORT WAVE TRANSMITTERS AND METHODS 
OF TUNING 


Part | 
CONSTRUCTION AND TUNING#* 


I. INTRODUCTION 


1. Peculiarities of Ultra-radio-frequency Circuits.—Ultra-radio- 
frequency circuits reveal certain peculiarities which become more and 
more pronounced the higher the frequency produced by the oscillator. 
Some of the properties of such circuits were discussed in a previous 
bulletin,t others have been studied in connection with further investi- 
gations on antenna models. Recent applications of very high frequencies 
ranging from about 30 000 to 150 000 kilocycles per second to purposes 
of radio transmission and measurements emphasize the importance of 
gaining detailed knowledge of the methods of producing such oscillations 
and of tuning the circuits. 

In experimenting with ultra-radio-frequency currents the following 
phenomena, hardly noticeable in circuits oscillating at frequencies lower 
than ten thousand kilocycles per second, must be taken into consider- 
ation: 

(a) Standing waves may be formed along the conductors and 
inductance coils, and even along larger condenser plates inserted in 
such circuits. 

(b) The distribution of current and potential along the circuit 
determines ‘ts characteristics. Therefore, the effect produced by a 
condenser, an inductance coil, or a conductor, varies with its re- 
lative position in the circuit, whether nearer to the nodal or to the 
antinodal zone. 

(c) The coupling coefficient of two such circuits interacting 
with each other, unlike that of two ordinary radio-frequency cir- 
cuits, depends not only on their geometrical configuration and their 
distance from each other, but also on the relative position of nodal 
and antinodal points in both circuits. 


*The principal part of this discussion was included in a paper entitled, ‘Short Wave Transmitters 
and Antennae Models,” presented before the Chicago Section of the Institute of Radio Engineers on 
November 27, 1925. Some of the apparatus were then demonstrated. 

+“Investigation of Antennae by Means of Models,” Univ. of Ill. Eng. Exp. Sta. Bul. No. 147, 


1925 
5 


‘ 
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(d) The nodal points remain fixed so long as the frequency is 
constant. If the frequency varies due to the effect of a tuning con- 
denser or inductance, or changes of conditions in the oscillating 
tube, the nodal points shift as a result of redistribution of current. 


2. Difficulties Encountered in Measurements of Frequency and Radi- 
ation.—The tuning and measurement of high-frequency circuits are 
based mostly on the principle of resonance. For ordinary high-frequency 
circuits observation by means of an indicating instrument of a maximum 
effect produced in a loosely coupled circuit is sufficient to warrant 
establishment of resonance between two circuits. However, in ultra- 
radio-frequency circuits conditions too often prevail which make this 
method of tuning uncertain. For example, the variation of the position 
of two condenser plates introduced in an ultra-radio-frequency circuit 
causes not only a change of the effective capacity of the circuit, but also 
a displacement of the nodal zone along the circuit. As a consequence the 
mutual inductance with a coupled circuit is altered in spite of the fact 
that geometrically no change has taken place in the relative positions 
of the two circuits. With the nodal point of the oscillating circuit grad- 
ually shifted away from the nodal point of the resonating circuit, less | 
and less energy is induced in the latter, and the peak of the resonance ~ 
curves obtained will be displaced from its true maximum value. 


3. Object of Investigation.—The present investigation was under- 
taken for the purpose of obtaining improved means of producing ultra- 
radio-frequency currents and of tuning such circuits. This involved 
the development of a transmitter and a method of tuning it that would 
overcome the disadvantages of shifting nodes during the process of 
tuning. 

Although this investigation was carried out in connection with the 
study of antenna models, the problems which had to be solved were of 
a more general character, relating to the production and measurement of 
ultra-radio-frequency currents. 


4. Acknowledgments.—The authors wish to acknowledge their in- 
debtedness to Pror. E. B. Parnn, Head of the Department of Electrical 
Engineering, for his encouragement and interest in this investigation. 
They also wish to express their thanks to Pror. Morcan Brooks for 
suggestions which aided in a clearer presentation of the results. In con- 
nection with calibrations of high frequency circuits and condensers the 
authors appreciate the able help of Mr. R. W. Armsrrona, Research 
Graduate Assistant in Electrical Engineering, and Mr. F. I. Eozvo- 
vitcH, student of electrical engineering. 
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Fig. 1. DisrrisvTion or POTENTIAL AND ARRANGEMENTS FOR PREVENTING 
Suirtinc or NoprEs 


This investigation has been a part of the work of the Engineering 
Experiment Station of the University of Illinois, of which Dran M. S. 
KeEtTcuHvuM is director, and of the Department of Electrical Engineering 
of which Pror. Evuery B. PAINE is the head. 


Il. SyMMETRICAL CIRCUITS 


5. Definition and Application of Symmetrical Circuits.—Consider 
an arrangement of a circuit (Fig. 1a) in which the capacity of the oscillat- 
ing tube C, is of the same order as the capacity of the condenser Co. 
If the geometrical length of this circuit is made of approximately the 
same magnitude as the wave-length corresponding to the excited fre- 
quency, two potential antinodes will be formed, one at each condenser, 
and midway between them will be. situated the two nodes m and 2. 
An oscillating circuit in which the lines connecting two or more equidis- 
tant nodes divide the circuit into a number of parts having similar 
distribution of potential and current, for its entire adjustable range of 
frequency, is called a symmetrical circuit throughout this discussion. 
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It is not necessary that the two parts divided by a line perpendicular 
to n; and nz be also similar. The circuit is called symmetrical even if 
the lengths and current distribution of such two parts are different from 
each other. 

By gradually increasing the variable capacity of the condenser Co 
the two nodes mn; and nz will naturally move away from the oscillating 
tube C,, approaching nearer and nearer to the variable condenser. 
Finally, for a very large condenser capacity the value of the potential 
at the plates will become nearly zero, and the distance between the 
nodes will be reduced to the distance separating the two condenser 
plates. In order to prevent shifting of nodal points along the circuit it 
is necessary to maintain a constant ratio between the capacities of C, 
and Cy. This can be achieved by varying both capacities at the same 
time. 

In asymmetrical arrangement such as shown in Fig. 1b the capacity 
of the condenser C2 is constant and equal to that of the oscillating tube 
C,. In parallel with each of these is mounted a variable condenser ¢1, C2 
of similar characteristics. Condensers c; and c, are mechanically con- 
nected so that equal adjustment of each is produced by turning the knob 
h. With this arrangement the nodes 7; and ne will remain at a point 
in the circuit midway between the condensers c; and c. By suitable 
choice of the capacities of c1, cz, and C2 it is possible to establish and 
maintain nodes at any desired points along the conductors LZ; and Lz 
through a wide range of frequencies. 


6. Multiple Circuits with Two or More Oscillating Tubes.—The need 
for a more powerful transmitter leads to a modified arrangement in 
which the condenser C; is replaced by a second oscillating tube. The 
symmetrical circuit thus obtained consists (see Fig. 1c) of the oscillating 
thermionic tubes 2; and v2, having their plates interconnected by the 
wire L, and their grids by the wire Z,. The nodal point nz is connected 
through a choking coil b to the positive terminal of the B-battery. The 
two nodal points n; and v2 symmetrically situated midway between both 
plates and both grids, respectively, remain nodes of potential for every 
setting of the tuning condensers C; and C2, adjustable alike by a com- 
mon knob h. 

Other arrangements of circuits employing two or more tubes were 
found to give stable oscillations. Thus, for instance, Fig. 2 represents 
multiple circuits which can supply about one to four amperes of high 
frequency current at 60 000 kilocycles when 5-watt (UV-202) tubes are 
used. The current was measured by a thermo-ammeter Th introduced 
at one of the potential nodes. These arrangements differ from that shown 
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Fig. 2. Muttiete Circuits 


in Fig. le. In Fig. 1e two tuning condensers are used, placed as close as 
possible to and in parallel with the plate-grid tube capacity, in Fig. 2a 
only one variable condenser C; is placed in series with the two tubes 
half way on the loop L, connecting the plates. Consequently, three 
potential nodes will appear: n; midway between the two grids and n, 
and n; between the condenser C; and each of the two plates. By varying 
the capacity of Ci, the nodes ne and nz will be displaced symmetrically 
away from or towards the condenser depending on whether the vari- 
ation causes the capacity to decrease or to increase. With this arrange- 
ment the only nodal point to remain fixed during the process of tuning 
is 2. The other nodes, v2 and nz, will shift slightly. According to defini- 
tion this is not a symmetrical circuit. 

Similarly, Fig. 2b shows an arrangement with two tuning con- 
densers C; and C, having four nodes situated one between each tube 
and each adjacent condenser. It is not required that the sequence of high 
frequency connections be plate, condenser, plate, grid, condenser, grid, 
as shown in Fig. 2b. The oscillations will be stable also if the oscillating 
circuit is made up in such a way that the plate of one tube is connected 
through a condenser to the grid of the following tube inserted in the 
circuit. This scheme is applicable to a series of ultra-radio-frequency 
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circuits consisting of three or more oscillating tubes and three or more 
variable condensers as indicated in Fig. 2c. The supply of direct current 
to the plate circuit is maintained by connecting the three nodal points 
n1, n3, and ns; to a source of high potential. The efficiency is increased 
if the other three nodes m2, v4, and ng are connected through a grid leak 
R, to the filament leads. 

When the modes of oscillation produced by the method of symmetri- 
cal circuits illustrated in Fig. 1e are compared with those produced by 
the unsymmetric arrangements shown in Fig. 2 important distinctions in 
the characteristics of these circuits are found. While the condensers C1 
and C, of Fig. 1c serve exclusively to change the period of the field oscil- 
lating around the circuit, in Fig. 2 the function of the independently- 
acting condensers is to vary both the period and the space phase relations 
of the oscillating field around the circuits. This arrangement promises 
to be useful for directive short wave transmission. It is sufficient to 
supply to each nodal point an antenna placing these antennae at dis- 
tances corresponding to the space phase, in order to produce resultant 
fields radiating predominantly in a certain given direction. 

For ordinary purposes of transmission and for measurements fixed 
nodal points are often preferable. In order to obtain this condition with 
multiple circuit arrangements as shown in Fig. 2 it is necessary to use 
tuning condensers in parallel with each tube as shown in Fig. le. These 
serve to balance the circuit for given fixed nodal points. The balance is 
obtained by varying both condensers in the same direction, increasing 
or decreasing their capacities in a fixed ratio. 

The condenser inserted in series in a symmetrical circuit should 
have its capacity large in comparison with the tube capacity, the series 
condenser serving exclusively for the purpose of insulating the grid from 
the plate, Fig. 2c. It will be shown that any shifting of nodes during the 
process of tuning can be prevented also by means of a variable inductance 
inserted in the nodal zones. 


_7. Measurements on Two-tube Oscillators Showing Two or More 
Potential Nodes.—The following may serve as examples of relations ob- 
tained on circuits showing two, three, and four nodes. 

The frequency of a circuit such as shown in Fig. 1c, but without 
condensers C; and Cy, decreases with increasing length of the loops L, 
and Ly. In the following table L, and L, are the lengths of the semi- 
circular loops; J,, the high-frequency current measured in one of the 
potential nodes; J;, the heating current of the filament of each of the 
UV-202 tubes used; J,, the plate current through each tube; E,, the 
plate voltage; , the wave-length. The plate voltage was supplied by a 
60-cycle alternating current source rectified by two kenetron tubes. 
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TABLE 1 
ReESsuLTS OF MEASUREMENTS ON Two-TUBE OSCILLATORS 


L, Ly 1e I; ihe E, r 
em. cm amp amp m.a volt m 
60 60 0.9 2.3 22.5 310 4.67 
40 80 0.75 2.3 26.2 340 5.03 
95 95 0.8 2.3 23.5 320 5.18 


In the arrangement represented by Fig. 2b the total length of the 
circular loop was kept constant at 180 cm. Of the two 3-plate condensers, 
C, was at a maximum capacity of 38.5 mmf., while the capacity of the 
condenser C, was varied from its lowest limit, 13.65 mmf., to its maxi- 
mum of 38 mmf. The direct-current input power of both tubes was 
about 20 watts. The wave-length and the oscillatory current J, indi- 
cated by the ammeter Th, as a function of the capacity of the condenser 
C, are given in the curves of Fig. 3. The curves drawn in Fig. 4 were 
obtained with the arrangement shown in Fig. 2a, consisting of a loop L,, 
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Fic. 4. WAvVE-LENGTH AND HIGH-FREQUENCY CURRENT AS FUNCTION OF TUNING 
CONDENSER FOR ARRANGEMENT AS IN Fic. 24 


40 cm. long, directly connecting the grids of the two oscillating tubes, 
and a loop L, bent in a semicircle 80 cm. long. The curves are similar 
in character, and show that the oscillating current varies appreciably 
with the wave-length. During each of the measurements the node n, 
was located and found to be fixed, while the positions of the nodes on 
both sides of the variable condenser C, were shifting. 

The tuning of the circuit, as described in this chapter, can be ap- 
plied conveniently for frequencies lower than 30000 kilocycles. For 
still higher frequencies and for measurements of great precision more 
subtle methods are required. For this reason, in addition to the methods 
of tuning just described, a number of new methods were investigated. 


e 


Ill. Tunine or SHort Wave TRANSMITTERS 


8. Variation of Frequency by Shifting Condenser of Constant Static 
Capacity along Circuit.—For certain investigations a large range of 
wave-length is advantageous, for others a small range adjustable with 
precision is preferable. Constant value of oscillating current over the 
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Fig. 5. WAvE-LENGTH AND HIGH-FREQUENCY CURRENT AS AFFECTED BY DIFFER- 
ENT Positions oF Meratuic Strips, MovaBLE ALONG CrircuIT 


entire range is often required. With these considerations in view a num- 
ber of transmitter constructions were designed and their properties 
studied. 

If a wire, plate, sphere, or cylinder be shifted along an ultra-high- 
frequency circuit the influence the body exerts upon the frequency will 
depend on its position in relation to the existing nodes and antinodes. 
Such a body of a given capacity placed in a potential node exerts no 
influence whatever if it is small compared with the dimensions of the 
circuit. Its effective capacity is nearly zero. The same body shifted to a 
point of higher potential reduces the frequency of the circuit, and its 
influence becomes greater and greater the nearer a potential antinode 
is approached. By using two similar bodies simultaneously shifted in 
opposite directions from the nodes towards the nearest antinodes the 
position of the node is maintained. This method was applied to the 
construction of a shielded transmitter. A description of such a trans- 
mitter and data on its performance are given in Chapter V. For open 
transmitters this method of tuning can be recommended whenever slight 
variations of frequency (0.1-1 per cent) are required. 

For larger ranges of frequency this method was modified as shown 
in Fig. 5. The two oscillating tubes v; and v, were mounted at a distance 
of 35 cm. from each other. The grids were connected by means of a loop 
L, made as short as possible; the plates were connected by another loop Ly 
made of copper strip, 0.9 cm. wide and 0.1 cm. thick, bent into a 180 deg. 
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Fic. 6. WAvE-LENGTH AND HIGH-FREQUENCY CURRENT AS AFFECTED BY DIr- 
FERENT POSITIONS OF SEMI-CYLINDERS, MovasBLte ALONG CIRCUIT 


are of 20 cm. radius. Pivoted at the center O of this arc two arms a, a 
made of the same material as the loop L, were arranged to swing their 
concentric outer ends b, b just inside the arc of the loop L,. Each arm car- 
ried a strip, s, acting as a condenser in respect to the loop Lp. 

The arms, a, a were made 0.6 cm. shorter than the radius of L, 
so that the end strips s, s in moving concentrically around the loop left 
an air gap of 0.6 cm. When starting from the potential node 7, the 
arms are swung away symmetrically from each other towards the tubes 
(antinodes) the capacity of the oscillating circuit increases gradually 
and assumes the highest value when s is nearest to the termina!s of the 
plates. Accordingly the frequency must be expected to decrease as 
shown by the curve in Fig. 5 which gives the measured wave-lengths as 
a function of angle 6 enclosed by the arms. If they are in electrical con- 
tact at the center another effect is added to that of the variat’on of 
capacity, that is, the inductance of the circuit decreases slightly due to 
the shunting of a part of the loop. For practical purposes it is recom- 
mended that each of the arms be supplied with a small fibre pinion so 
geared that the motion of one arm forces the other to move equally in 
the opposite direction. 

The range of the wave-lengths obtainable with this transmitter 
depends on the dimensions of the loop and the area of the strips. Wave- 
lengths from 4.845 m. to 5.00 m. were obtained with a strip 6 cm. long 
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Fic. 7. ARRANGEMENT FOR INCREASING RANGE OF WAVE-LENGTH 


and 1 cm. wide, moving with an airgap of about 0.6 cm. from the loop, 
and are recorded by the curve of Fig. 5. A larger range can be obtained 
when the strip is replaced by a U- or O- shaped member surrounding the 
are as illustrated in Fig. 6. The loop Z, and the arms a, a are shown 
here mounted on a wooden base b. The U-shaped caps s, s are attached 
to the movable arms a, a. As shown by the curve in Fig. 6, the range of 
wave-length is increased, extending from 4.875 m. to 5.33 m. The 
curves for I, of Figs. 5 and 6 show clearly how constant the oscillating 
current remains within this range. 

Greater wave-length variation can be obtained by combining this 
method of tuning with that represented in Fig. 1c, where variable con- 
densers C; and C2 are connected closely to the plate-grid terminals of 
the oscillating tubes. 

Figure 7 shows schematically this combined method of tuning. To 
avoid eddy currents the movable sleeves s, s to be shifted along the 
loop are solenoids 6 cm. long and 1 cm. in diameter, wound of thin 
wire. Fine adjustments are achieved by shifting these coils while the 
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Fic. 8. VARIATION OF FREQUENCY BY RotTatTinG Disc PLACED WITHIN 
OscILLATING Loop 


greater changes are obtained by simultaneous settings of two variable 
condensers C; and C2. The influence of the position of the coils and also 
of the condenser settings upon the wave-length is represented by the 
curves a to d in Fig. 7. Curve a was obtained when the condensers 
C, and C, were removed. For curve 6 the capacity of each of the con- 
densers was 4.5 mmf. When their capacity was increased to 10 mmf., 
curve c was obtained and for the maximum value of the condensers 
(16 mmf.) curve d shows the wave-length range. By the use of inter- 
mediate values for the capacity of the condensers additional curves were 
obtained overlapping the wave-length ranges. Thus the variation was 
from \ = 3.56 m. toA = 5.85 m. 

Finally, Fig. 8 illustrates an extremely exact method of tuning 
by comparatively simple mechanical means. In the first example a 
cylindrical bakelite disc a 15-20 cm. in diameter and 2 cm. thick, which 
may be turned by a knob h, is placed perpendicularly to the plane of the 
oscillating loop L,. A brass shoe d is attached to the loop near the poten- 
tial node, facing the disc a. The cylindrical face of the disc carries a 
strip of aluminum foil ¢ of varying width. The distance separating the 
conductor of the loop from the dise is about 2 mm. When the disc is 
turned, the width of the foil opposite the shoe varies and causes changes 
in the frequency of the oscillating circuit. The shape of the foil can be 
designed so that the changes of frequency produced are proportional to 
the angular displacement of the disc. 

Instead of varying the width of the foil, the distance between the 
disc and the conductor can be varied. This form of tuning element is 
shown in Fig. 8b. An elliptical shape is chosen for the rotating body a 
while the foil c acting as a condenser surface has a uniform width all 
around the disc. The full range of variation is obtained by turning the 
disc through 90 degrees. The absolute value of the range depends on 
the air gap and also on the position of the dise with respect to the loop. 
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Fic. 9. VARIATION OF FREQUENCY BY CHANGING DISTANCE 
BETWEEN Two PARALLEL CoNnDUCTORS 


The nearer the disc is to the tube the greater becomes the range of wave- 
lengths. 

Although the methods of tuning described in this paragraph were 
tested on transmitting circuits producing oscillations of constant un- 
modulated amplitude, it is clear that the same principles and methods 
can be applied directly for circuits designed to give modulated ampli- 
tudes. Especially fine methods of tuning are necessary for heterodyning 
where two sources of oscillations showing extremely small difference of 
frequency are required for producing audible beats. Thus a wave-length 
of 5 m. corresponding to a frequency of 60 000 kilocycles requires a vari- 
ation of 0.0016 per cent in order to produce a beat tone of 1000 vibra- 
tions per second. Expressed in millimeters this corresponds to a vari- 
ation in wave-length of 0.083 mm. Methods which proved useful for 
such purposes will be described in the following section. 


9. Variation of Frequency by Changing Distributed Inductance of 
Circwit.—The usual method of varying the frequency of a circuit by 
changing its inductance is to insert loading coils in the oscillating circuit. 
However, for the production of frequencies higher than 50000 kilo- 
cycles this method, which lowers the frequency, cannot be applied. 
Moreover, the inductance has to be reduced until the only inductance 
left is that of the conductors connecting the oscillating tubes, and yet 
this must be made variable if it is required to change the frequency. 

If in the loop L of an oscillating circuit (Fig. 9a) a split conductor is 
introduced consisting of two paths m and n, the distributed capacity and 
inductance per unit length will depend on the distance between these 
paths. By gradually varying this distance by means of a cam k and a 
knob h, supported on an insulating piece 7, the constants of the circuit 
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Fic. 10. RANGE or WAVE-LENGTHS OBTAINED BY ROTATION OF ADDITIONAL 
Loor InsipE OscitLatTiInG Loop 


change gradually, causing variation of its natural frequency. A similar 
method of tuning was applied to the production of heterodyne beats 
between two circuits oscillating at a frequency of about 55 000 kilocycles 
per second (Fig. 9b). The loop L,, interconnecting the plates of the oscil- 
lating tube, was made of a brass wire 0.5 cm. thick bent into a semicircle 
of 14 cm. radius and held in a groove of an insulating base e. At a 
distance of 3.5 cm. from the middle of the loop are an eccentric cam k, 
2.5 cm. in diameter, and supplied with a groove, could be turned by a 
knob h. Touching this cam and the loop a spring in the form of a wire 
20 cm. long and 0.1 cm. thick, was mounted in such a way that it 
formed a chord to the are. The upper end f of the spring was held fixed 
in contact with the loop L,, the lower end g was free to slide along the 
loop, while the central part set in the groove pressed against the cam k. 
By turning the cam, the distance d between the two wires could be varied 
from 1 cm. to about 2 cm., producing variation of wave-length of the 
order of 1 mm. A rotation of about 5 degrees caused the pitch of the 
beats, as heard in the telephone of a short-wave receiver, to vary over the 
entire scale of audible frequencies. 
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Part oF OscILuATING Loop 


Considerably larger ranges of frequencies can be obtained if this 
principle is applied to larger portions of the oscillating circuit and if the 
conductors are made of flat metal strips instead of wire, as illustrated 
in Fig. 10. The stationary loop L, made of copper strips 0.1 cm. thick 
and 0.9 cm. wide, is in this case rectangular, 35 cm. long and 13.5 cm. wide. 
Within this loop another loop n, 15 em. long and 13 cm. wide, can swing 
with the legs in contact with the stationary loop and fixed to a fibre 
shaft s supplied with a knob h. By turning the knob the plane of the 
inner loop can be adjusted at any angle 6 with relation to the outer loop. 
The two curves of Fig. 10 show the wave-length of the oscillator as a 
function of the angle 6. Curve a was obtained when a condenser con- 
nected directly across the grid and plate of the oscillator tube had a 
capacity of about 4 mmf.; curve b corresponds to the case when this 
capacity was 8 mmf. In both cases the wave-length decreases with the 
angle 8. The relations controlling the change taking place in distributed 
capacity and inductance of both loops are very complicated. With in- 
creasing angle the capacity per unit length of the loop increases, the in- 
ductance per unit length decreases and if, in spite of that, a variation of 
frequency results, it is due to the rate of change which is by no means 
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Fig. 12. SymMMetrricaL TRANSMITTER WITH Two OscILLATING TUBES 


the same for the capacity as it is for the inductance. For small but in- 
creasing values of angle 8 the decrease of inductance predominates, 
causing the wave-length to diminish at a greater rate than at angles 
approaching 90 deg. For still larger angles the rotating loop operates 
in a potential antinode, where the smaller decrease of inductance is 
accompanied by larger variations of capacity again causing an increase 
in the rate of wave-length variations. 

In the arrangement shown in Fig. 10 the stationary loop should 
have at least twice the length of the movable one. For wave-lengths 
shorter than 5 m. the leads connecting the oscillating tubes must be 
made so short that this method cannot well be applied. The method of 
tuning by means of two arms in contact with the loop L, represented 
in Fig. 11 gave satisfactory results. The wave-length as a function of the 
angle 8 is also plotted in Fig. 11. 

b 


10. Kxcitation of Small Antenna by Two-tube Symmetrical Oscil- 
lator.*—Experiments in the open air were organized to test the double 
tube symmetrical transmitter shown in Fig. 12. The high-frequency 
parts of the oscillator were mounted on a base B, 30x48 cm., which, 
with its plane always vertical, could be rotated around the standard S 
supporting the transmitter. The two UV-202 Radiotron 5-watt tubes 
v, and v2 were placed in porcelain sockets separated from each other by 
12 cm., leaving Just enough space for two double choke coils a;, a2. Each 


*This oscillator coupled with an antenna model was publicly demonstrated by the authors during an 
electrical exhibition at the University of Illinois in April, 1924. 
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Fig. 13. GrneERAL ARRANGEMENT OF ANTENNA MOopELS AND MEASURING 
. InstRUMENTS For Open Ain EXPERIMENTS 


of the two pairs of coils consists of 24 turns of No. 10 B&S cotton in- 
sulated wire wound on a wooden core, 2.5 cm. in diameter. The plates 
of the tubes were connected by means of a semicircular loop L,, 15 em. 
in radius, made of No. 5 B&S brass wire. The grid loop L, was U-shaped, 
of No. 12, B&S copper wire 29.5 cm. long. 

In order to avoid crossing the connections of the two loops the base 
of one of the tubes was cut open and the filament terminals exchanged 
with the plate and grid terminals. After this operation, the two separated 
parts of the base were soldered together. This change in the tube con- 
nections proved a convenient method of securing a symmetrical ar- 
rangement of circuits and was used in most of the experiments. 

A thermo-ammeter, Th inserted in the grid loop, a grid leak R, of 
8000 ohms resistance, connecting one of the filament choking coil termi- 
nals with the nodal point of the grid loop, and a choking coil b ef 45 
turns of No. 10 B&S cotton insulated wire, connecting the nodal point 
of the plate loop with the positive terminal of the direct current source, 
completed the oscillator. The controlling parts, such as filament 
rheostat, input measuring instruments, and switches, were separated and 
mounted at a distance on a switchboard connected with the transmitter 
by four leads. 

The general arrangement of the transmitting and measuring appar- 
atus is indicated in Fig. 13. The oscillator was placed at a distance of 


22 ILLINOIS ENGINEERING EXPERIMENT STATION 


Fig. 14. Retation BeTwEEN CURRENT AT Base or RECEIVING ANTENNA AND 
DIRECTION OF TRANSMITTER LOOP 


one meter from an antenna model M, in such a position that for a = 0 
the line connecting M, and M, was parallel to the plane of the loop, 
the latter being normal to the direction towards M;. 

The model consisted of a horizontal copper counterpoise plate 
75x100 cm., mounted on a wooden frame, and a straight vertical antenna 
M,, made of copper wire 120 cm. high. Between the lower end of the an- 
tenna and the counterpoise plate a thermocouple c to measure I, was 
inserted. The indicating instrument g,, placed 20 meters away, was 
connected to the thermocouple C by galvanometer leads through an 
underground cable. Another (receiving) antenna model M,, of similar 
dimensions, was placed at a distance of 10.5 meters (2 wave-lengths) 
from the transmitter. The galvanometer leads from both thermocouples 
C, c went directly through the counterpoise plates to the underground 
cable. 

It was important to find out the directive properties of the radiating 
loop and the conditions for which the radiation of the oscillator might 
be regarded as negligible in comparison with that of the model antenna 
For this purpose the influence of the angular displacement of the 
plane of the oscillating loop upon the current at the base of M, was 
investigated. The polar graph in Fig. 14 represents the result. The 
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measurements were made when the antenna M, was disconnected, so 
that the radiation field of the loop alone could produce oscillations i in 
M,. 'The graph thus demonstrates the influence of the loop as a source 
of stray radiation, the intensity of which is maximum in the direction 
of the plane of the loop. The asymmetry of the graph is due to the 
circumstance that the axis of rotation passed through the outer part of 
the grid loop 14 em. from the center of the oscillator. These measure- 
ments indicate the possibility of applying rotating models for the study 
of directive characteristics of radiating systems. 

How do the results compare with those obtained when M, was 
coupled with the oscillator? The answer depends on the degree of coup- 
ling. For ordinary purposes of transmission the coupling may be in- 
creased so as to produce in the antenna M, currents sufficiently large to 
make the radiation of the oscillator loop negligible. For the study of 
antenna models the oscillator must be placed at a distance (about 1 
meter) from the antenna, otherwise difficulties arise with tuning, in- 
duction in the ground plate, and electrostatic action. These conditions 
require loose coupling. Consequently, the current induced in the 
antenna M, will be of considerably smaller intensity than the current 
in the oscillator loop. 

For instance, with the loop directed towards M, and with the 
current in the oscillator loop left unchanged (I) = 1.75 amperes), the 
current induced in M, was J; = 197 milliamperes. The current I, 
measured in the receiving antenna M, was found to be 7.45 milli- 
amperes. When a comparison is made of this latter value with the 
equivalent value at the point a on the graph in Fig. 14, it may be con- 
cluded that the power received by M, from the antenna M, is equivalent 
to the power received when the oscillating loop adjusted for a = 50 deg. 
is acting alone. It was found that for larger values of a the radiation 
of the coupled transmitter predominates over that of the loop when 
acting alone. For smaller values of a the radiation of the oscillator 
loop predominates over that of the coupled antenna, and assumes a 
maximum value for a = 7 deg., when the loop alone produces in M, 
a current of 9.5 milliamperes (point b in Fig. 14), that is, about 27 per 
cent more than the coupled transmitter. 

To what extent the radiation of the oscillator loop interferes with 
the radiation due to the transmitting antenna depends, aside from the 
direction of the loop, upon the distance separating the loop from the 
recelving antenna. 

Observations made of the suen effect of this transmitter upom 
the 130 cm. straight vertical wire antenna for distances varying between 
10 and 30 meters are indicated in Table 2 
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TABLE 2 
RADIATION. Errect oF OscituaTor Loop 


1 2 3 4 5 6 


a 8 9 10 11 
If I 

D Io Ge a, 10-3 I; 10-3 E, Dito Io N 

m amp mm mm amp amp amp volt 1g m 
NOUS wists sisters « 0.81 31 36 5.85 2.26 30 1605 Mavs: 138 5.35 
10 Di ciemreionies 1.2 63 73 8.45 2.26 44 PARE NE ei 142 5.35 
LOD everson etetereied: 1.5 104 |121 10.8 2.26 57.5 275) | teks 139 5.35 
LORS certoeynetess ¢ iheeeye 155 |180 13.5 2.3 72 325 142 139 5.35 
1 SS oe eR 1.87 47 54.5 7.3 2.3 72 325 113 5.35 
20 Ow eesmiene ste 1.87 21 24.4 4.75 2.3 ae 325 97.5 §.35 
ZO Sine dete 1.87 11 12.75 3.3 2.3 72 325 98 5.35 


Column 1 gives the distance; Column 2, indications of a thermo- 
ammeter inserted in the grid loop; Column 3, the deflection of the 
galvanometer connected with the receiving antenna thermocouple; 
Column 4, galvanometer deflections corrected for eliminating the re- 
sistance of the underground leads; Column 5, the antenna current; 
Columns 6, 7, and 8, the operating conditions of the 5-watt oscillator 
tubes, i.e., filament current, plate current, and voltage; and Column 9, 
the factor obtained by multiplying the current J, in the receiving 
antenna by the distance D separating it from the transmitter. This 
factor becomes constant for D> 20.5 m., proving that starting from 
D> 4,, for waves about 5 meters in length, the antenna current is 
inversely proportional to the distance. Also the proportionality be- 
tween the transmitting and receiving current holds for these waves as 
seen from the ratio I)/J, in Column 10. The wave-length was kept 
constant (A = 5.35 m.) throughout the measurements. 

This short wave oscillator (Fig. 13) has many advantages over the 
oscillator described in Bulletin No. 147.* Its property of producing a 
strong radiating field makes it useful for purposes of direct transmission 
without the need of coupling with an antenna. 


For purposes of making measurements on antenna models, the 
greater part of the interference due to the radiation of the loop can be 
avoided by placing the oscillator loop always at right angles to the 
direction towards the receiving antenna. However, for precise measure- 
ments within distances smaller than 10\, complicated corrections become 
necessary to take into account the phase differences between the radi- 


ation field produced by the transmitting loop and that due to the trans- 
mitting antenna. 


ee of Antennae by Means of Models,” Univ. of Ill. Eng. Exp. Sta. Bull No. 147 
De 
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11. Summary and Conclusions.—A number of short wave trans- 
mitting circuits for \ = 3 to 6 meters were experimentally investigated 
in order to provide improved means for producing and controlling short 
wave oscillations. Considering their use for the determination of 
antenna constants by means of models, methods of tuning were de- 
veloped which eliminate errors in ultra-frequency measurements. 
due to shifting of potential nodes along the oscillator circuit during the 
process of tuning. 


The principal results achieved are as follows: 


(a) The advantage of using symmetrical circuits was demon- 
strated. These circuits are characterized by the similarity of 
potential distribution extending from one node to another. 


(b) It was shown that the shifting of nodes can be prevented 
by providing a tuning condenser for every potential node. These 
tuning condensers are mechanically coupled with each other so 
that their capacity may be varied at the same definite rate. 


(c) An oscillator was devised for producing space phase 
shifted radiating fields for directive radio transmission. 


(d) A method of tuning was developed which consisted in mov- 
ing symmetrically along the conductors of the circuit a pair of short 
insulated metal strips or tubes, acting as condensers of constant 
electrostatic capacity, but whose effective capacity decreased with 
decreasing distance from the potential node. 


(e) An arrangement was devised for adjusting the frequency 
of a symmetrical circuit, consisting of a ring of sheet metal varying 
in width, attached to an insulating dise and rotated inside the loop 
of an oscillating circuit. 


(f) A simple and convenient method of tuning was found to 
consist in changing the inductance by varying the distance between 
two adjacent single conductors interconnected at both ends. 


(g) Field experiments carried out with short-wave oscillators 
coupled with antenna models revealed that the radiation field due 
directly to the oscillator is considerable in intensity. 


(h) It was shown that directive characteristics of radiating 
systems can be obtained by rotating models of these and measuring 
variations of radiations by means of a straight vertical wire re- 
ceiving antenna model. 
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(k) The effect of the oscillator without the transmitting an4 
tenna was measured with a receiving antenna model placed at dis 
tances varying from 2 to 6 wave-lengths. With a wave-length \ = 
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Part II 
SHIELDING AND FREQUENCY CONTROL* 


IV. InrTRODUCTION 


12. Stray Fields and Other Factors Detrimental to Accuracy of Ultra- 
radio-frequency Measurements—When an _ oscillating  ultra-radio- 
frequency circuit coupled with a transmitting antenna is used to radiate 
electromagnetic waves, the former may also become a source of intense 
radiation, in addition to the antenna. Especially do oscillating circuits 
made in the form of a loop show this stray radiation in their influence 
upon the currents measured at the base of receiving antennae, placed 
at a distance of a few wave-lengths from the transmitter. The intensity 
and direction of the resulting radiation in such a case depends on the 
distribution of current along the loop and its position in relation to the 
antennae. Complicated methods are required for separating the radi- 
ation of the transmitting antenna from that of the coupled oscillating 
circuit. 

Another difficulty, encountered in connection with the stray field 
of the oscillating supply circuit, is the influence of the observer and of 
laboratory objects near the oscillator. The manipulation of tuning ele- 
ments causes errors in the setting of the oscillator in resonance with the 
antenna. 


13. Object of Investigation—The investigation discussed in the 
following pages had three purposes in view: 

(a) Developing of methods for eliminating stray radiation 
fields of an oscillating circuit. 

(b) Application of a remote control arrangement for tuning of 
oscillators. 

(c) Improvements in methods of indicating resonance in tuned 
circuits. 


V. SHIELDED OSCILLATORS 


14. Shielding of Oscillators.—It is possible to reduce the radiation 
_of the single turn loop by replacing it with coils made of many turns of 
small diameter. These, however, must be brought so close to the base 
of the antenna that large losses in the ground plate occur and difficulties 
*A report of this investigation was given in a paper presented before the meeting of the American 


Physical Society at Chicago on November 26, 1926. An abstract appeared in the Physical Review, 
Vol. 29, 1927, p. 217. 
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in tuning become insurmountable. To avoid these complications, meth- 
ods of shielding were investigated which led to the development of new 
types of closed short wave transmitters. 

The conventional method of shielding, which consists in placing 
grounded screens between the radiating parts of the oscillator and the 
receiver, cannot be applied in this case because of the interference such | 
a screen would produce. Another method, that of replacing the single . 
turn loop by a coil of two or three windings and enclosing the rest of the 
oscillator in a metal box, was tried. Under these conditions it was found 
impossible to produce oscillations of less than 10 meters wave-length, 
unless the screened box was large in comparison with the space occupied 
by the oscillator. Large bodies near an antenna, however, change its 
characteristic constants and had to be avoided. 

The solution of the problem apparently involved the finding of an 
arrangement of apparatus in which an enclosed shielding screen becomes 
a part of the circuit supporting the oscillations instead of damping them 
out. 

In the transmitter described in Part I (Fig. 12) it is the plate loop 
and grid loop which originate lines of force, forming the source of radi- 
ation to be screened off. It would appear possible to sustain oscillations 
by replacing one of the loops by a cylinder and the other by a rod placed 
concentrically in the axis of this cylinder. The plate conductor carries 
currents displaced in phase 180 degrees from the currents oscillating in 
the grid conductor. If the plate conductor has the form of a cylinder 
surrounding the grid conductor and the latter is made in the form of a 
rod, the oscillations generated by the electron tube in the two parallel 
circuits will tend to support each other. Indeed, induced currents 
which otherwise in a screen would give rise to eddy current losses will in 
this case oscillate with slight phase displacement but in the same direc- 
tion with the currents propagated along each of the inner cylindrical 
surfaces of the conductors. 


15. Tubular Arrangement of Oscillators—Theoretical considerations 
thus led to the following experimental arrangement of an oscillating cir- 
cuit (Fig. 15): A brass cylinder P (used as plate conductor) 91.4 cm. 
long and 7.3 cm. in diameter, carries two side branches C, D, enclosing 
the oscillator tubes; another cylinder or rod G (used as grid conductor) 
of smaller diameter is supported along the axis of P. The electrical 
connections are exactly the same as indicated in Fig. 12, Part I, and the 
description need not be repeated. 

When an oscillating circuit of this kind is set in operation no sign 
of induction or radiation can be detected in any neighboring circuit, no 
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matter how close to resonance it is tuned or how short the distance be- 
tween the circuits. The oscillations take place in a thin inner surface 
layer along the two coaxial cylinders. The wall of the metallic 
cylinder P acts as a shield and no external electric or magnetic field can 
be detected. 

The activity of the oscillator can be recognized only by watching 
the plate voltmeter or ammeter, which indicates a sudden change of 
voltage or current whenever the oscillations start or stop. A practical 
method of checking is to change the condition by touching one of the 
ends of the grid conductor with an insulated rod about 20 to 30 cm. 
long. Variations of voltage and current are produced whenever the 
constants of an oscillating circuit are changed; the rod increases the 
length and capacity of the grid conductor. In order to measure the 
frequency of the oscillator the legs of a U-shaped wire # (Fig. 15) 
are led through two holes 4 cm. apart into the cylinder P and connected 
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with the rod G, to act as an inductive shunt to the central part of the grid 
conductor. The loop £ is inductively coupled with a wave-meter bridge 
W, as described in a previous bulletin.* 


16. Relation Between Frequency and Dimensions of Shielded Oscillat- 
or.—The conditions which determine the frequency of the oscillations 
produced by this type of oscillator are the geometric dimensions of the 
conductors and vacuum tubes. The inner plate conductor and the grid 
conductor together are electrically analogous to a concentric cable whose 
constants depend on the iength and diameters of the inner two adjacent 
surfaces. For instance, an oscillator having the dimensions stated in 
Section 15 oscillates with a frequency corresponding to \ = 4.17 m. 

The capacity of two coaxial cylinders is known to be 


(eee 


R 
2 log. & 


and its inductance to be 


x 


L = 2b log. ae 

The radii R and r of the two cylinders appear in the formulas as 
ratios, showing that for any pair of coaxial cylinders having a con- 
stant ratio R/r the total values of C and L depend only on the length b 
of the cylinders. It can be expected therefore that if the capacity and 
inductance due to the oscillating vacuum tubes are varied in proportion 
to the changes of plate and grid conductors, the wave-length produced 
will vary in proportion to the total length of the cylinders. In other 
words, the rule for models which was found to hold for the frequency of 
closed circuits and antennae, fm = mf holds also for the new oscillator. 
The coefficient m denotes the ratio between the geometric dimensions 
of the original and those of the model. 

In view of the significance this rule may have in connection with the 
design of oscillators, a comparative test was made of two oscillators. 
The original oscillator with a wave-length of 3.04 m. had the electron 
tubes attached in the direction of the axis of the plate cylinder. The 
other was designed for the tubes to be attached perpendicularly to the 
plate cylinder axis and for a wave-length of 4.65 m. In order to obtain 
this wave-length all dimensions must be increased in the ratio 


*“Investigation of Antennae by Means of Models,’ Univ. of Il. Eng. Exp. Sta. Bul. 147, p. 26 
fInvestigation of Antennae by Means of Models,’”’ Un'v. of Ill. Eng, Exp. Sta. Bul. 147, p. 18. 


SHORT WAVE TRANSMITTERS AND METHODS OF TUNING 35 


It was easy to choose the material so as to satisfy this condition 
according to the dimensions specified in Table 3; only the dimensions of 
the electron tube had to remain unaltered because it was not possible to 
procure a more suitable one. The wave-length actually measured in the 
large oscillator was therefore \» = 4.17, that is, about 10 per cent too 
small. 


TABLE 3 


RELATION BETWEEN WAVE-LENGTH AND GEOMETRIC DIMENSIONS oF Two 
SHIELDED OSCILLATORS 


Small Oscillator Large Oscillator 


VEO AEM GOCLECIOM Gi a5) of ot v1 ora vim cate rel evades, scenes crate! ae m =1.5 

otal length OF Oscillators. «ede asic cutee oaracees 1, = 66 cm. lL, = 1.51, = 100 cm. 
Inner diameter of plate conductor............... D, = 4.8 cm. Dio= 155 D, = 7.2cm. 
Diameter of grid conductor.............ceeeeees d, = 0.25 cm ae =1.5d, Eh 375cm. 
Type of Radiotron oscillating tube.............. UV—202 UV—202 
Wiave-longthi measured ons 0004 dsc dale dele sceuee tials A, = 3.04 m. Am = 4.17 m. 


Wavelength calculated sit. scons cece es + celeste Ne wai 5A, <4.65 m. 
Discrepancy due to electron tube of large eens »” mam 


being too sma = 0.103 


Further useful data for the design of this type of oscillator were 
obtained by a series of wave-length measurements in which the diameter 
of the inner grid conductor alone was varied. The results are represented 
by a curve in Fig. 15. The curve shows that with decreasing diameters 
of the conductor the wave-length increases asymptotically, while for 
increasing diameters the wave-length decreases, approaching a limit. 

To explain this result the oscillator may be considered as consisting 
of a line with uniformly distributed capacity Ci and inductance Lh, 
closed at both ends with the electron tube condenser having a lumped 
capacity C, and inductance Z,, as shown in Fig. 16a. For a very thin 
wire placed in the axis of the tube the distributed capacity C; must 
become very small, while its inductance L, will assume very large values. 
The system will thus be reduced to a simple circuit (Fig. 16b), in which 
two condensers C, are connécted in series with a very large inductance 
L. The period of oscillation for such a circuit must naturally be very 
long, and approach infinity as the wire becomes infinitely thin. If, on 
the other hand, the diameter of the inner conductor is gradually in- 
creased so that the distance between the two cylindrical surfaces be- 
comes smaller and smaller the capacity C; according to the formula, 
will increase and at the same time the inductance L, will decrease. At 
the moment when the diameter of the inner conductor becomes so large 
that it is equal to the diameter of the outer cylinder, C; will become 


36 ILLINOIS ENGINEERING EXPERIMENT STATION 


Cc 


Fig. 16. Diagrams ror Expuarninc LimiTtinc VALUES OF WAVE-LENGTH IN 
Curve or Fia. 15 


infinitely large, and Jy infinitely small. Accordingly, the system is 
transformed into two circuits (Fig. 16c) shorted by a common conductor. 
The period of oscillation of such a circuit is determined by the com- 
bined capacity of the electron tubes C, and its inductance L,. The 
capacity C, of the UV-202 5-watt Radiotron tubes was measured when 
they were placed in their sockets and was found to be 8 mmf. If we 
assume that L, = 3 X 10°? microhenry, the shortest wave-length 
corresponding to the case shown in Fig. 16c should be = 1.884+/0,L, = 
0.93 m. This limiting value is indicated by the point S on the curve 
Fig. 15, extrapolated for d = 7.3 cm., the actual inner diameter of the 
outer cylinder. 


17. Tuning of Shielded Oscillators—It may appear that a simple 
method of tuning would be to choose for both grid and plate conductors 
coaxial tubes and move them out and in telescopically so as to change 
their length. Due, however, to the condition that the central nodal part 
must be immovable for purposes of electric coupling with an an- 
tenna, two pairs of moving telescopic tubes would be required, involv- 
ing undesirable mechanical complication. Neither is it desirable to have 
the outer dimensions of the oscillator varied during the process of tuning. 

For the tuning of shielded oscillators the same principles have to 
be considered as were found important in the construction of trans- 
mitters described in Part I, as follows: 

(a) The position of nodal points must not be affected by the 
tuning. 

(b) For exact wave-length measurements small variations of 
the constants of the circuit should be possible. 
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(c) The amplitude of the oscillations should remain constant 
for the entire range of wave-length variation. 
Screening being the chief object in view, it is clear that the tuning ele- 
ments as well as the mechanical means designed for moving these ele- 
ments must be placed in the interior of the shielded oscillator. 
In connection with the design of transmitters answering these re- 
quirements a special form of cylindrical condenser developed for wave- 
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Fic. 18. Component Parts or SHIELDED OscILLATOR TUNED By CYLINDERS 
MovasLe ALona Grip Conpucror or BY MEANS OF CONDENSERS 


length measurements proved to be useful. A description of this type of 
condenser and formulas for calculation of capacity are given in Appendix 


A. 


18. Shielded Oscillator Tuned by Cylinders Movable Along Cir- 
cuit.—The method of tuning by means of a condenser shifted along an 
oscillating conductor described in Section 8 and illustrated in Fig. 7, 
Part I was adapted to tubular shielded transmitters. As indicated in 
Fig. 17, a brass tube A is used for the plate conductor. The grid con- 
ductor B is made of two brass rods connected by a steel wire not shown. 
The end of one rod is threaded with a right-hand thread, the end of the 
other with a left-hand thread. Two cylindrical drums C, C smaller in 
diameter than the plate conductor can move freely along each of the rods. 
By means of a tooth fitting the threads at D, D, the drums are forced to 
move in opposite directions whenever the rod is rotated by means of a 
knob E. 

In order to prevent rotation of the drums two pairs of guiding rods 
F, F are supplied. Each pair is supported between a bakelite ring G clos- 
ing the plate cylinder A from the outside and another bakelite ring H be- 
longing to a third drum J fixed in the middle part of the cylindrical 
plate conductor. This drum, having a somewhat smaller diameter than 
the bakelite rings H, H, is thus insulated from the plate conductor A, 
and is in contact with the grid conductor B. The purpose of this drum 
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I is to form a by-pass condenser for the oscillations in the antenna, 
which is connected to the grid conductor through a hole in the outer 
cylinder at J, and to the antenna ground plate conductor of the model 
which is made to carry the oscillator. The further the movable drums 
C, C are shifted from the center towards the oscillating tubes the greater 
is their influence in increasing the capacity of both plate and grid cir- 
cuits. The frequency depends on the diameter and the position of 
drums C,, C.. The grid conductor B, together with the two outer movable 
drums and the third central drum, separated from the plate conductor 
A, is shown in Fig. 18. The oscillator tubes, their sockets and shielding 
caps are also shown detached from the plate conductor. 

The interdependence of the wave-length and the relative position 
of the drums on the grid conductor were studied by means of a wave- 
meter bridge coupled with the oscillator, as indicated in Fig. 15. Twelve 
revolutions of the screw were required for the entire range of wave-lengths 
obtained, 5.08 to 2.69 m. The average wave-length variation per degree 
of rotation is thus under minute control, as indicated by the curve in 
Fig. 17. Smaller ranges of wave-length variation, with still greater ac- 
curacy, can be obtained by decreasing the diameter and length of the 
movable drums. 

In attempting to obtain data for a complete curve ranging over the 
entire scale of wave-length obtainable with this transmitter it was found 
that a discontinuity existed in the curve a for values of d of from 4.3 
to 7.7 cm. This part of the curve is marked by a dotted line. A close 
examination revealed, however, the existence of much shorter waves 
for this particular zone. The curve b, representing the wave-length 
for this region, is very complicated. No simple relation was found to 
exist between the wave-length represented by b and the wave-length 
expected according to the dotted part of curve a. The measured wave- 
lengths were roughly about half what was expected. For the critical 
point on the lower curve b, the distance | measured between the center 
of the grid (potential node) and the drum is 24.5 cm.—an integral part of 
the wave-length, 1.96 m., so that} = 8 X l. It is therefore possible that 
for this region the distribution of current along the inner surface of the 
oscillator suffers a sudden change. For a narrow region around \ = 3.90 
m. the existence of two waves for the same position d = 10 cm. was dis- 
covered. In this case, however, the shorter wave-length, 1.98 m., was 
exactly a second harmonic of the longer one \ = 3.96 m. With drums 
C, C about 5 cm. long the discontinuity shown in the curve disappears, 
and the total range of wave-length is accordingly reduced, rendering 
possible still greater accuracy in adjustment. 
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Fig. 19. GENERAL VIEW oF SHIELDED OscILLATOR TUNED BY MEANS OF STEPPED 
CYLINDRICAL CONDENSERS 


19. Shielded Oscillator Tuned by Rotation of Two Stepped Cylindrical 
Condensers.—The application of stepped cylindrical condensers, as 
described in Appendix A, at the ends of the grid conductor leads to more 
simple forms of shielded transmitters. Electrically, with this arrange- 
ment the distances between the condensers and the nodal point remain 
constant for every variation of wave-length; mechanically, the necessity 
of using long threaded spindles and guiding rods is obviated. The only 
sacrifice that has to be made by adopting this construction is a reduction 
of the range of wave-length variations. For many purposes, however, 
it is preferable to have a smaller range, adjustable with greater precision. 

Preliminary tests were made by using at each end of the plate 


conductor A stepped condensers C’, C,, as mechanically independent - 


units. They are shown in Fig. 18, separated from A. However, this in- 
creases unduly the length of the oscillator and subjects the condenser to 
the influence of the observer or instruments mounted nearby. The 
incorporation of the condenser C, directly in the oscillator was therefore 
tried. For this purpose the armatures of the rotors R were attached to 
the rod S serving as grid conductor, while the stator segments were 
fixed in corresponding places on the inner wall of the tubular plate 
conductor A. 

The complete oscillator in its final form is illustrated in Fig. 19. 
Component parts of the apparatus are shown in Fig. 20, while the cross- 
sections and principal dimensions are indicated in Fig. 21. 


20. Specification of Parts for Shielded Oscillator—In the pre- 
ceding sections the principle of shielding and the requirements under- 
lying the construction of a shielded oscillator were described. For an 
understanding of details the following specification of parts with refer- 
ence to Fig. 21 may be useful: 
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CYLINDRICAL CONDENSERS 


Plate conductor in form of a cylinder 
Supports for electron tubes 

Sockets for electron tubes 

Electron tubes 

Shielding caps for electron tubes 

Fibre tubes containing filament choking coils 
Terminal plate 

Grid leak 

By-pass condensers for battery leads 
Screening cover 

Central part of grid conductor 

Fiber tube spindle for rotor of tuning condenser 
Wire connecting rotors of tuning condenser 
Bakelite bearings for tuning condenser 
Rotor for tuning condenser 


. Stator segments for tuning condenser 


Rotor spindle 

Lever for revolving rotor spindle 

Bakelite slotted disks for revolving tuning condenser 
Shielding caps for tuning condenser 

Spring for shielding cap 

Screw with spring to hold shielding cap to condenser plate 
Thermocouple mounting 

Rod for fixing thermocouple to plate condenser 

Antenna to counterpoise high-frequency by-pass condenser 


ILLINOIS ENGINEERING EXPERIMENT STATION 


OMT, Ad GaNOT, YOLYTI 


(UY | 
CATS 
Uo |I 


tHHYS VESUBABLUIOD OO 


WOUWIPULOD BOD ~O [1220 


SUASNAGNOD TIVOIMGNITAY) daddaLg 


ZL. 


ISO AidIaIHg FO stIvEGG aNVv NOMLOGS-SSOUD “TZ “DLT 


SHORT WAVE TRANSMITTERS AND METHODS OF TUNING 43 


2 


PP? 1? PICS 


Wove-Lev 


se 


S 


7) i) LO SOTO, SOR CO Te G0 9G? 00 
Setting of Oscillatar Coase lta Scale LO1V1S5100278 


Fig. 22. CALIBRATION CURVE OF SHIELDED OscILLATOR SUPPLIED WITH 
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21. Calibration of Shielded Oscillator.—The calibration of this kind 
of shielded oscillator may be effected more accurately than that of the 
other oscillators supplied with coils or loops. While for the older types 
special precautions are necessary during tuning in order to eliminate 
the influence of the observer, measurements with the shielded trans- 
mitter coupled with the wave-meter bridge can be performed without 
regard to the proximity of the observer or of laboratory objects. Even 
direct touching of the oscillator does not produce an appreciable in- 
fluence upon the results of measurements. 

The range of wave-lengths obtainable with this type of shielded 
transmitter depends on its dimensions, on the capacity and position of 
the tuning condensers with regard to the nodal zone sustained in the 
central part of the grid conductor, and also on the dimensions of the 
oscillating tubes. The wave-length range for a transmitter having the 
dimensions indicated in Fig. 15 extends from \ = 5.625 m. to A = 5.93 
m. for UV-202 Radiotron tubes, so that a variation of wave-length is 
obtained amounting to about 0.175 cm. per degree of condenser rotation. 
The calibration curves for different tubes are given in Fig. 22. When two 
Radiotron tubes type UV-202 were used, curve a was obtained. Curve 
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c gives the range corresponding to two UX-210 tubes, and curve 6 relates 
to a combination of one UV-202 and one UX-210 Radiotron tube. 

The field originating in the plate conductor as well as in the grid 
conductor is perfectly shielded and cannot be detected outside the trans- 
mitter without direct coupling with a secondary circuit. Slight dis- 
turbances were found which were caused by radiation from the choking 
coils and leads connecting the filaments of the oscillating tubes with the 
battery. If the coils are shielded by a metallic tube the amplitude of the 
oscillations produced by the transmitter is greatly reduced, because the 
action of the coils as impedance is annihilated, partly by the condenser 
action, partly by the mutual inductance between the choking coil and 
the inner cylindrical surface of the tube. By connecting each terminal 
of the choking coils with a condenser of about 250 mmf. capacity the 
amplitude of waves propagated along the leads is diminished, and the 
efficiency of the transmitter is improved. Further reduction of the lead 
disturbances can be achieved by introducing variable inductances in 
each of the leads and filtering out the particular frequency produced by 
the transmitter. 


22. Coupling of Shielded Oscillators with Antennae.—The simplest 
method of transferring high frequency energy from a shielded oscillator 
to an antenna consists in connecting the base of the antenna A (see Fig. 
23) to the grid conductor G. For this purpose a number of holes h are 
provided in the cylindrical plate conductor P in the vicinity of the 
potential node o. Through these holes the antenna wire can be brought 
into contact with any point of the grid conductor. The antenna will be 
charged with high frequency currents to an extent depending on the 
potential prevailing at the point of contact, and also on the dimensions 
of the antenna. The energy received by the antenna will be larger the 
farther away the potential node is from the point of contact, and the 
more the fundamental frequency of the antenna approaches the fre- 
quency produced by the oscillator. A rectangular plate E is attached to 
the top of the cylindrical plate conductor P to serve as a counterpoise. 
The antenna A passes through an opening made in the counterpoise 
plate and through holes in the cylinder leading to the central zone of the 
grid conductor G. 

The results of measurements obtained with a straight wire antenna 
of variable length coupled with a shielded transmitter whose plate 
conductor consisted of a brass cylinder 5.6 em. in diameter and 56 cm. 
long, are represented in Fig. 23. 

The curves show the relation between the total length of the 
antenna A made of No. 28 B&S copper wire and the antenna current 
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Fic. 23. SHIELDED OSCILLATOR COUPLED WITH ANTENNA; CURRENT AT BASE OF 
ANTENNA AS Function or Its Geometric LENGTH 


indicated by a thermo-ammeter Th, while the d-c input energy of 20 
watts supplied to the UV-202 oscillating tubes is kept constant within 
5 per cent. A sharp-peaked curve a with one pronounced maximum was 
obtained when the antenna base was touching the center of the grid 
conductor. This position corresponds to the smallest degree of 
coupling which can be achieved by the method of direct connection. 
For smaller degrees of coupling a loop introduced between the base of 
the antenna and the center of the ground plate must be inductively 
coupled with the grid conductor. For larger degrees of coupling the base 
of the antenna must be connected to a point on the grid conductor away 
from the central nodal point on either side. If the distance d from the 
nodal point exceeds about 2.5 cm. two peaks appear in the curve moving 
away on both sides of the resonance point with an increasing degree of 
coupling in agreement with the known theory of coupled circuits. Thus 
curve 6 of Fig. 23 was obtained for the distance d = 4 cm. The peaks 
appear for 1 = 74 cm. and 1 = 85 cm., while the resonance for loose 
coupling corresponds to 1 = 78.5 cm. The relation of the fundamental 
wave-length of the antenna to its geometric length is\ = nl. From these 
data the coupling coefficient k was calculated 
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The frequency of the oscillator, kept constant during this experi- 
ment, was measured and found to correspond to a wave-length of 3.04 m. 
From the resonance length J, of the antenna (0.785) m. the coefficient 
follows: 


This gives a result smaller than would be expected for a straight verti- 
cal antenna as 7 is known to be 4.1, showing a discrepancy between 
actual and expected results. 

It was important to investigate this question in view of the intended 
application of the shielded transmitter to the study of antenna models. 
The point of minimum potential along the antenna was found to be about 
7 cm. above the grid conductor. The position of the potential node on 
the antenna was an indication that the counterpoise area (60 cm. < 50 
cm.) was not sufficiently large. Evidently, then, for a flat top antenna 
or other type having wires extending horizontally, the capacity of the 
grid conductor with respect to that (80 mmf.) of the plate conductor, 
which acts as a condenser in series with the counterpoise, would be much 
too small in comparison with the capacity of the antenna. It was also 
clear that under these conditions the nodal point would move to other 
positions for different antenna types, while the conditions of definite 
measurements of antenna current require that the position of the node be 
steadily fixed at the base of the antenna. 


23. Antenna-counterpoise By-pass Condenser.—The first difficulty 
mentioned in the preceding paragraph is easily overcome by the use of a 
large counterpoise plate. The measurements were repeated when a frame 
with a copper plate 75x150 cm., having an area about four times as 
large as the previous one, was supported 50 cm. above the ground with 
the transmitter directly attached to the lower surface. The length of 
the vertical wire antenna for which maximum antenna current was 
obtained was ly) = 74.5 cm. or \o = 3.04 m. so that 


in agreement with the value known to hold for single wire vertical anten- 
nae. 


/ 
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Fig. 24. By-pass CoNDENSERS FOR SHIELDED OSCILLATOR 


The second difficulty can be eliminated by increasing the capacity 
of the condenser formed by the grid conductor-plate conductor system. 
An additional condenser is required which, however, must be placed so 
as not to interfere with the mode of oscillation of this system. For this 
purpose a compact condenser, (see Fig. 24) having a capacity of 350 
mmf., was constructed to fit inside the cylindrical plate conductor. 
It consists of a semicircular inner brass plate a insulated from two some- 
what larger outside plates b by sheets of mica c. The outer plates are 
soldered to a tubular threaded clamp d supplied with a nut e by means 
of which the condenser, after being inserted inside the plate conductor P, 
is fixed in position. The inside wall of the tubular clamp d is insulated 
by a mica tube f so that the cap of a grid leak resistance can be intro- 
duced without touching the clamp. A contact disc 2 soldered to an ex- 
tension of the condenser plate a serves to complete the connection from 
the grid leak to the grid conductor G. The latter is supported by two 
contact strips h, h protruding from the upper part of the condenser 
plate a. The condenser is introduced between two nodal points, one of 
which is found in the center of the grid conductor, and the other in the 
middle of the plate conductor. Its function is to form a direct high fre- 
quency by-pass from the antenna to the counterpoise. Due to its capac- 
ity being 10 to 30 times as large as that of the antenna, it exerts as a 
series condenser no measurable influence on the fundamental fre- 


quency of the antenna. 


24. Further Tests of Shielded Oscillator Coupled with Antenna.— 
The oscillator shown in Fig. 21 was supplied with a by-pass condenser 
Z and placed on a copper tray connecting two wings of a counterpoise. 
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Fig. 25. Re vation BETWEEN ANTENNA CURRENT AND PLATE 
Input oF SHIELDED OSCILLATOR 


Each part was made of a wooden frame kept 48 cm. above ground on 
wooden supports and lined with a copper sheet 75x150 cm. The com-. 
plete counterpoise was thus 300 cm. long and 75 cm. wide. An antenna 
141 cm. long, made of No. 28 B&S copper wire and suspended from: the 
roof of the testing hut, was connected to the grid conductor through the 
heating wire of a thermocouple w. The couple was mounted on a bake- 
lite block 11% in. x 14% in. x 14 in. in such a manner that the binding 
posts for the antenna circuit and the heating wire formed a short 
straight conductor of minimum inductance, directly connecting the base 
of the antenna to the grid conductor. The body of the couple had in its 
upper part an opening for a guiding rod x. Along this rod, fixed to the 
wall of the plate conductor a, the couple could be shifted parallel to the 
grid conductor whenever it was necessary to vary the coupling. A brush 
inserted into the lower binding post insured contact with the grid con- 
ductor. 

How the antenna current varies with the input power supplied to 
the oscillating tubes is indicated by the curve in Fig. 25. 

Measurements were made on a receiving antenna similar in dimen- 
sions and shape to the transmitting antenna, and placed 30 m. distant. 
That the ratio between the currents in the antennae is constant is shown 
by the straight line in Fig. 26, representing the magnitudes of currents 
measured in both antennae at the same time. 


25. Shielded Oscillator with 50-watt Oscillating Tubes.—It is possible 
to use more powerful oscillating tubes in connection with the shielded 
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Fig. 26. Revation BETWEEN CURRENT IN TRANSMITTING 
ANTENNA AND THAT IN RECEIVING ANTENNA 


transmitters described. All that is necessary for this purpose is to change 
the sockets or to use adapters providing safe connection with the cir- 
cuits. Due, however, to larger dimensions of the plate, grid, filament, 
and their leads, the range of wave-lengths obtainable with these tubes 
shifts towards greater wave-length as compared with that obtainable 
with smaller tubes. 

If 50-watt Radiotron tubes, Type UV-203A, are inserted in the 
smaller oscillator instead of 5-watt tubes, the wave-length increases 
from 3.04 m. to 4.20 m. In a single-wire vertical antenna 104 cm. long 
connected to the center of the grid conductor, 250 ma. were obtained 
with a plate potential of 500 v. and a plate current of 86 ma. The input 
power of 43 watts is less than half the capacity of the tube. However, 
with larger input energy, the oscillations produced in the plate as well as 
in the grid circuit become so powerful that the high-frequency current 
raises the temperature of the grid lead inside the tube to white heat, 
endangering the connection. 


VI. Conrrou oF FREQUENCY 


26. Control of Frequency of Transmitting and Receiving Antennae.— 
For the investigation of antennae by means of models it is often im- 
portant to check whether the fundamental frequency of the receiving 
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antenna corresponds exactly to that of the transmitting antenna. The 
first method d 
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former. Each antenna had a thermocouple inserted at the base. The 
wave-meter was fixed to the frame of the counterpoise about 50 ecm. 
from the antenna wire. Both galvanometers were mounted in a hut 
20 and 36 m. respectively from the antennae, and connected with the 
thermocouples by underground cables. The ordinates show the magni- 
tudes of the deflections of the galvanometer, which are proportional to 
the square of the current in the respective antennae. The coincidence of 
wave-length for both antennae is evident from the curves T and R, 
the first obtained by observing the current in the transmitting antenna, 
and second, that in the receiving antenna. 


27. Reaction of Coupled Circuit wpon Plate Current of Oscillator.— 
In the attempt to find a still more sensitive and convenient method of 
controlling the antenna tuning, a study was made of the reaction pro- 
duced upon the plate current of the transmitter when a coupled circuit 
was tuned in resonance with it. The plate current of the transmitter was 
found to show a decrease whenever a coupled circuit was tuned into 
resonance. The curve a in Fig. 28 shows the variation of the plate cur- 
rent, while curve b gives the variation of the ultra-radio-frequency 
current in the transmitter when the condenser setting of the coupled 
circuit is adjusted for a number of positions approaching the resonance 
setting. The minima of both curves correspond exactly to the same 
condenser setting, proving that the decrease of plate current can be 
used as an indication of resonance. This sudden change of plate current 
of an oscillating tube becomes less prominent the larger the power 
supplied by the transmitter. 

The same phenomena may be the cause of the click which can be 
heard in the telephones of an oscillating audion circuit, and which was 
used by L. W. Austin* as an indication of resonance. For short wave 
transmitters requiring an input of more than 5 watts the telephone can- 
not very well be used in the plate circuit. However, by means of a trans- 
former a distinct click can be perceived in the telephone if the coefficient 
of coupling is made sufficiently large. The click was not found to be a 
sufficiently sensitive indication of resonance. 

The intensity of the click depends on the angular velocity with 
which the tuning condenser is rotated. The use of a sufficiently large 
velocity of rotation introduces an error in ascertaining the true condenser 
setting for resonance. This difficulty is aggravated by the circumstance 
that the click does not correspond to a definite position of the condenser, 
but is a result of an impulse possessing two maxima m, n, with a mini- 
mum o situated between them, as shown in Fig. 28. 


*Resonance Measurements in Radiotelegraphy with the Oscillating Audion,’’ Proce. Inst. Radio 
Engrs., Vol. VII. 1919, pp. 9-10. 
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Fig. 28. RersonANCE CURVES OBTAINED WHILE MerasuRING FREQUENCY OF 
TRANSMITTING ANTENNA BY OBSERVING VARIATION OF PLATE Input 
CURRENT IN OSCILLATOR, AND DraGRaM AND Curves ILLusTRA- 

TING ZERO METHOD oF FREQUENCY DETERMINATION 


A third method was therefore investigated which consisted in the 
use of a micro-ammeter introduced in the secondary circuit of the 
transformer in place of the telephones. In Fig. 28 curve a represents the 
change in the plate current J, passing the primary of a transformer 7 
when the coupled circuit is approaching resonance. The curve c then 
represents the character of the impulse induced in the secondary con- 
taining the micro-ammeter. The abscissae for both curves are the 
angular displacements of the tuning condenser rotated with uniform 
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velocity. At the moment of resonance a reversal in the direction of the 
induced current takes place, denoted by o in curve c. This zero point 
can be determined by observing the motion of the micro-ammeter pointer. 


28. Accuracy of Various Methods——A comparative study of the 
sensitivity of the various methods led to the following conclusions: 
The most sensitive method for determination of resonance is the use of a 
thermocouple in the wave-meter circuit with a galvanometer as an 
indicator. Due, however, to the uncertainty of calibration caused by 
the galvanometer leads taking up induced currents from both the wave- 
meter and the transmitter this method is not reliable. Another method, 
second in sensitivity, consists in excluding any indicator from the wave- 
meter circuit, and observing the minimum high-frequency current in 
the transmitter. Instead of observing the high-frequency current the 
point of resonance may also be determined from the variation in plate 
current or grid current, and this method is third in sensitivity.* The 
method ranking fourth in sensitivity makes use of the reversal of cur- 
rent in the secondary of a transformer, the primary of which is inserted 
in the plate circuit of the transmitter. In the fifth and least sensitive 
method, the current measuring instrument is replaced by a telephone. 
The comparison was made on transmitters in which one or two oscillat- 
ing radiotron tubes UV-199, UV-202, and UX-210 were used. 


29. Influence of Observer and Natural Wave-length of his Body.— 
Whenever an antenna coupled with a short wave oscillator has to be 
investigated it is important to eliminate the influence of the surrounding 
objects on the constants of the system. A vertical plate or suspended 
wire at a distance less than a quarter wave-length from the antenna will 
change the capacity, the wave-length, and the damping of the radiating 
system. This influence becomes especially marked when the conductors 
happen to be in resonance with the antenna. Likewise every observer 
moving in the proximity of an antenna causes its constants to vary. Thus 
the indications of an ammeter inserted at the base of the antenna will 
depend on the relative position of the observer. It was found that the 
observer’s body represents an antenna insulated from the ground, whose 
natural wave-length is approximately equal to three times the length of 
the body, this length being measured from the feet to the shoulder and 
from the shoulder to the finger tips. The natural wave-length of the 
observer’s body varies with the position of his hands and legs and changes 
also with change from upright to sitting position. The influence is 
smallest when the body is stretched horizontally on the ground. 


*This method has been recently improved at the Engineering Experiment Station by the use of 
a potentiometer arrangement. 
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Fic. 29. RemorE-ConTroLt APPARATUS FOR TUNING SHORT WAVE TRANSMITTERS 


30. Remote-Control Apparatus.—Methods of shielding, such as used | 
with oscillators in order to prevent them from radiating, and to make 
their calibration independent of the presence of the observer, cannot be 
applied to antennae designed to radiate. their energy into space. A 
remote-control electromagnetic apparatus was therefore constructed 
which, coupled mechanically with the tuning element of the oscillator 
(variable condenser or inductance), was made to operate from a distance 
by means of a rotating contact-making device. 

The general arrangement of the remote-control apparatus operating 
a tuning condenser of a short wave oscillator is illustrated in Fig. 29. 
The oscillator A is of a type described in Section 10, Part 1. One of its 
cylindrical condensers C is shown coupled by means of a bakelite rod 
B with the spindle of an impulse motor M. A cable consisting of two 
pairs of copper wires connects the driving magnet of the motor with the 
contact-making dials D’ and D’’. One of the dials, D’, is used for produc- 


a 
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Fig. 30. Diagram ILuusrraTiInG OPERATION OF REMOTE- 
ContTROL APPARATUS 


ing impulses to drive the motor in the clockwise direction, the other. 
D”’, is used when a counter-clockwise rotation of the motor is required, 
In order to simplify the construction of the remote-control device stand- 
ard parts were adapted from the automatic telephone apparatus made 
by the Automatic Electric Company. Subscriber’s dials were used for 
the impulse producing devices, and driving magnets from a standard 
rotary line switch were adapted for use as motor magnets. 


31. Operation of Remote-Control Tuning Apparatus.—The operation 
of the remote-control device is demonstrated by Fig. 30. The motor 
magnets M’ and M” are energized from a 35-volt battery H whenever 
the cams K’ and K’’ actuated by the dial rachet wheels release the 
contact springs L’ and L’”’. In order to close the circuit another pair of 
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contact springs S’ and 8” are also released by means of levers R’ and k”’ 
extending from the spindles of the dials. When the dial D’ is operated, 
the magnet M’ is energized and attracts its armature /’ as many times 
as current impulses are produced by the contact spring L’. The number 
of interruptions of L’ depends on the number of revolutions of the cam | 
K’, geared with the dial D’ so that when the latter is released from the | 
position marked (1) on the dial, one interruption is produced, when | 
released from the position marked (2) on the dial, two current impulses | 
follow, and so on up to 10 impulses. Every impulse causes the lever G’ i 
to move to the right. To the upper end of the lever is hinged a pawl H’ | 
which in the position of rest is pressed against an adjustable stop I’ by | 
means of the spring J’ producing a tension in another spring N’. The — 
moment the lever G’ starts its motion the spring N’ is released and pulls | 
the pawl H’ down, engaging it with the ratchet wheel P of the motor. | 
The ratchet wheel is supplied with 200 teeth designed so that with every _ 
impulse of the magnet M’ the pawl H’ rotates the wheel clockwise by | 
an angle corresponding to one tooth division. For one complete revolu-_ | 
tion of the ratchet wheel 200 power strokes of the pawl are thus required. 
A symmetrical arrangement of another dial D’’, motor magnet M”, 
armature F’’, lever G’’, and pawl H”’ allows a counter-clockwise rotation | 
of the same ratchet wheel P. Condensers Q’ and Q” of 1 mf. capacity | 
each are used to reduce the sparking at the contacts L’ and L”’. 

Screws T’ and T” are provided for the purpose of limiting the mo- 
tion of the ratchet wheel P to one tooth division. They wedge the pawls 
H’' or H" in the tooth into which the springs N’, N’’ force them at the 
beginning of the stroke. However, by adjusting the stops I’, I’’, the 
mechanism can be made to rotate the ratchet wheel by an angle corres- 
ponding to one, two, or more tooth divisions for every impulse. 

In order to tune the transmitter to an antenna or to any other 
coupled circuit by means of this remote-control device a thermocouple 
has to be inserted in the nodal zone of the resonating circuit. The 
galvanometer leads of the couple must be extended to reach the indicator 
instrument mounted so that it can be observed from the place where the 
impulse dials are operated. The dial D’ is then set for 10 impulses and 
released so that it returns to 0. If during its rotation the thermocouple 
indicator shows a steady increase in current, dial D’ is again operated ; 
if, however, a decrease of current is observed, the other dial D” is oper- 
ated. This is repeated until the instant is reached when the rising current 
begins to decrease, showing that the resonance point has been passed. 
The accurate position of the tuning element is then established by oper- 
ating the dial D’ by single or double impulses until a maximum current 
indicates that resonance is achieved. 
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32. Summary and Conclusions.—The results of the investigation 
may be stated briefly as follows: 


(a) Shielded oscillators were developed in which a screen was 
a constituent part of the oscillating circuit; stray radiating fields 
were thus suppressed, and the frequency made independent of the 
proximity of laboratory objects or of the presence of the observer. 

(b) The relation between frequency and dimensions of shielded 
oscillators was investigated, and data were obtained for the design 
of such oscillators. 

(c) The model rule for the frequency of closed oscillating cir- 
cuits was verified for shielded oscillators. 

(d) Tuning methods for shielded oscillators were developed 
permitting the adjustment of frequency without appreciably affect- 
ing the amplitude of the oscillations and the position of nodal points. 

(e) The application of shielded oscillators to the excitation of 
antennae was demonstrated. 

(f{) Remote-control apparatus were developed permitting the 
tuning of a transmitter from a distance and the avoidance of errors 
due to the presence of the observer near the antenna. 

(g) A new type of cylindrical condenser was developed, per- 
mitting precise measurement of wave-lengths of from 3 to 6 meters. 


APPENDIX A 


SrEpPED CYLINDRICAL CONDENSER 


33. Description of Condenser.—In Bulletin No. 147 (p. 29) a stepped _ 
disc condenser was described, which was used for short wave measure- | 
ments. The chief advantage of this new condenser type for precision _ 
frequency measurements consists in the possibility of producing very — 
small variations of capacity by rotating one of the condenser discs 
through comparatively large angles. The same principle applied to | 
cylindrical condensers leads to convenient forms of construction which | 
proved useful for tuning short wave circuits, especially for wave-meters. — 

In the usual forms of cylindrical condensers two coaxial tubes of | 
different diameters are used, of which the inner one is shifted along the | 
common axis. The dielectric (air gap) has also the form of a tube of | 
constant thickness separating the two metallic cylinders from each other. 
In the new condenser type the metallic surfaces as well as the dielectric | 
have a semi-cylindrical shape and the variation of capacity is produced | 
by rotation instead of by axial displacement. Figure 31 represents two | 
cross-sections through the condenser, one along the axis the other | 
perpendicular to it. The stator consists of a brass tube d into which is | 
fixed one-half of another tube c, smaller in diameter and cut along the 
axis. The rotor consists of a spindle a and a semi-cylindrical tube b 
attached to it. Two bakelite caps e, e have a hole bored in the center for 
the spindle a and a concentric groove cut for the outer tube; they serve 
to keep the stator in position, and also as bearings for the rotor. A long 
bakelite handle with a dial attached to it is usually fixed to the extension 
of the stator spindle. 


34. Calculation of Capacity of Stepped Condenser.—In order to cal- 
culate the capacity of the condenser consider its cross-section (Fig. 32) 
perpendicular to the axis. 

Let A-B be the stationary reference line coincident to the surface 
of the two steps a, a of the stator St while C-D is the rotating line coinci- 
dent with the surface of the steps b, b of the rotor Rt for any setting of the 
condenser. These lines divide the condenser into four parts which may be 
characterized by the ratio of the radii of the condenser surfaces facing 
each other. For the surfaces enclosed by the angle AOD = a this ratio 

19 


is 
RY 


for the part enclosed by the opposite angle BOC = a the ratio is 

R 

=e for the part contained within the angle AOC = (180 —a) deg. the 
1 
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Fic. 31. Cyzinpricat STEPPED CONDENSER 


er elt. , 
ratio is va and for the last section BOD = (180—a) deg. the ratio is—. 
1 ry 
Thus every one of the four sections may be regarded as a segment of 


a regular cylindrical condenser whose full capacity per unit length is 


it 

known to be ———— electrostatic units, where r, is the radius of the 

ls 

2 lowes 

i, 

stator and 7, the radius of the rotor. The capacity per unit length and 
per degree will be 

1 

(a a a ae 

rs 

720 log. es 


ie 


The capacity C of a cylindrical stepped condenser per cm. length 
is therefore composed of the sum of four terms, and is 


C= eee “a a - i my a - 
720log.—-  720log.—- 720log.—~ 720log. — 
rea) R R 


1 1 ry 


In order to find the full capacity C, this formula has to be multi- 
plied by l, the length of the condenser and increased by a term K repre- 
senting the additional capacity due to the charges distributed over the 
area of the steps a, b, and also over the regular cylindrical portions ex- 
tending on both sides of the stepped part. K includes also the capacity 
of the spindle extensions, and that of the bearings. 

For the setting a = 0 the minimum capacity is obtained 


R 
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Fig. 32. Cross-SECTION OF CYLINDRICAL STEPPED CONDENSER 


and for the setting a = 180 deg. the maximum capacity follows similarly 


R 
1 1 log. + log. re 
ys Ht a Sal, Geese wae 
ay ie) Ry T2 R, 
Alog, Rp. 4 log, — log; = log, —— 
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1 R, "1 


The range AC of the condenser capacity per cm. length is given 
by the difference of C,,, and C,,,, so that 


1 i i 1 
A C = Ce ee Ox. = 4 "> ae Rs ii T R. 
log. — log.-— log.-— log,.— 
: Ry °8 TL °8 1 °8 


The range A C diminishes with the depth of the step a or b. For Ri = 1 
or for R, = 7, the step disappears altogether, and accordingly the 
formula gives for the range the value A C = 0. When both pairs of steps 
are so small in depth that R: = r,; and R, = rz the condenser assumes 
the regular cylindrical form. Also, in this case A C = 0, showing that no 
variation of capacity can be obtained by rotating the stator. Only by 
changing 1, the length common to the stator and rotor, can a change be 
produced in the capacity of such a condenser. 


35. Results of Capacity Measurement.—Table 4 gives the results of 
investigations carried out on three stepped cylindrical condensers. The 
lengths of the stepped rotor and stator parts, which were different for 


each of the condensers, were 5.08 em. (2 in.), 7.62 cm. (3 in.), and 12.7 
em. (5 in.), respectively. 
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Fig. 33. CALIBRATION CuRVES OF CYLINDRICAL STEPPED CONDENSER 


The other dimensions, made similar for every one of the condensers, 
were 
R, =.0.86 cm. (0.339 in.) 7, = 0.467 cm. (0.184 in.) 
Ry = 1.28 cm. (0.504 in.) Yo = 0.965 cm. (0.38 in.) 
a = 0.315 cm. (0.124 in.) 6 = 0.393 cm. (0.155 in.) 


TABLE 4 
Capacity oF STEPPED CYLINDRICAL CONDENSERS 


= 5.08 1=7.62 l = 12.7 


Length of stepped 


t, . 
gies Cmax Cin AC Cmax Cmin AC Cmax Cmin AC 


Total capacity 
measured, mmf...... 26.2 Whee: 8.45 | 33.69 | 21.15 | 12.54 49.8 26.8 23.0 


Capacity of stepped 
part calculated, mmf.| 14.0 5.5 8.5 21.0 8.24 | 12.76 35.0 1Se7, 21.3 


Difference K, mmf,....| 12.2 12.2 tier LZ AOON hac Le |e a. 14.8 13.5 
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The calibration curves of the three condensers are given in Fig. 33. 
They all show a slightly convex part above another slightly concave 
part with a point of inflexion at the center. This small deviation from a | 
straight line is probably due to the capacity of the steps a and b which 
vary for different settings of the condenser. 
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